INTRODUCTION
Within vineyard variability is an issue that is known surely by every vine-grower. Every autumn going through the plot and trying to determine the date of the harvest, the viticulturist is often confused by the heterogeneity of the taste of berries: some being nearly green and others over matured already. Some authors (Bramley and Hamilton, 2007; Cortell and al., 2008 ) relate these differences with the variation of the vine vigor within a plot. The vines of low vigor are considered to produce the wine of better quality. And it actually fits the common picture prevalent among professionals working with the wine about the quality of grapes: more the vigor is, the higher is the production and the lower is the quality. Surely, for most cases these statements are true and they can help to understand as the matter of fact to what extend the variability of the parcel in terms of vigor is important for the quality of the production. The more is the variability (the more the quality of the production is averaged).
In practice, every plot even if very little is heterogeneous due to the soil variations that can be met at distances as little as few meters (Marguerit, 2006; Hubbard and Rubin 2004; Miles, 2005) . Therefore the understanding of real reasons of such variability and of the ways for its management represents in reality the key advantage for winemakers in the struggle for the higher quality of the production.
Namely this study was designed with the aim to find the real cause of different performance of vines with different vigor and to verify whether the new technique developed by Josep Lluis Perez from Mas Martinet Assessoraments is able to reduce within vineyard variability and to bring the quality of grapes originating from vigorous vines to the same level as the grapes from the vines of low vigor.
The subject of the study of vine vigor and subsequently of within vineyard variability was born of a simple practical necessity. In the early 90s the company Mas Martinet Assessoraments began its experiments on the construction of new types of ecological terraces which reduce the visual impact on the landscape. The ability to retain water and the rate of organic matter in the soil of these new buildings was higher compared to traditional terraces and could be traduced by the excessive vigor often considered detrimental to grape quality (Perez, 2007) .
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The experience of the estate in working with old vines showed that the best raw material for high-end wines had the following characteristics: small berries and loose grape cluster. A simple test of distribution of probable content of alcohol with loose cluster from low vigorous old vines and a compact cluster from young vigorous vine gave an idea of the probable reasons of higher grape quality from old vines (Singleton, 1966) .
The compact cluster with the same average of probable content of alcohol that the loose cluster contains a part of the berries under and over-matured that can potentially be a source of loss of quality. On the one hand, not sufficiently matured berries can communicate vegetal character to the wine and on the other, over-matured berries are put under the risk of black rot attack.
Having understood the ideal characteristics for its raw material, the company Mas Martinet Assessoraments had to develop a strategy for managing the terraced plots in order to achieve these objectives. Two ways were chosen for developing the strategy of management of quality: the observation and consideration of variables influencing the behavior of the vine. By means of observation, it was noted that the rather loose clusters are produced by shoots of the length of 90-130 cm, while the compact clusters originate mostly from excessively long shoots that tend to fall and often are cut. These findings are actually in agreements with the results of investigations of several authors (Archer and Hunter, 2003; Landolt, 2011) .
However, as noted above, the plants in a plot hold a different vigor and if they are treated uniformly, the length of the shoots cannot be the same promoting thus heterogeneity and qualitative loss of production. Thereby, the only way to reduce variability and to achieve the same length of all the shoots within a plot is to treat every plant individually and accordingly to its vigor. In practice this is feasible through the mechanism of compensation of the plant that help the vine to adapt to environmental changes and to different levels of load (Hunter, 2000; Stein, 2011; Rousseau, 2007 ; Landolt, 2011) .
Namely this mechanism has been considered as a likely source of effective management of within vineyard variability. It is known that increasing the load of the vine, the stems get thinner and shorter (Rousseau, 2007) . However, depending on what the particular load should be attributed to each vine?. The team of Mas Martinet Assessoraments has seen that ideal length of a shoot for their trellising system is about 1,2 m which is thin enough and has a leaf surface of 0,24 m2 which is enough for ripening a grape cluster of 250 g. The weight of this shoot in summer is 50 g (for Grenache Noir), thus in order to make all vine produce such shoot, their vigor (wood pruned in winter) should be divided by 50 g (see the formula below).
Nshoots = Wpw/50
Nshoots -number of shoots that should be developed on the arms of the plant Wpw -weight of the wood pruned 50 -the weight of the shoot of 1,2 m length (valid for Grenache Noir)
The main objective of this study is to validate the new technique for spatial distribution of vine vigor that would reduce the heterogeneity of the quality of grapes and wine originating from the vines of different vigor within a plot.
MATERIALS AND METHODS
The study site is called Bancal Gran and fitted ideally the objectives of the study thanks to its positioning on the plane, Lyre trellising system (able to accommodate high bud load) and high within vineyard variability. Total surface is0,43 Ha and number of plants treated 1410. In order to avoid inter-annual variation and additional factors that could influence the result all the operations were standardized for each year of the study.
The Treatment
All the vines in the study plot are pruned in February, the wood of each plant is put next to it and then weighed with the pocket scale Baxtran KRN5. The weight is then divided by 50 (according to the formula proposed by Mas Martinet) and the value obtained is marked on the label attached on the trunk of each vine. This value represents the number of buds that has to be left on the plant. Ideally, on a meter of arm there should be 10-14 spurs with one single bud each. If the arms of the vine could not provide enough space, two buds are left on the spur, but the arms are marked with a tag in order to extend them next year by folding one or two canes and tying them on the conduction wire. Conversely, if the arms of the plant are too long for the load assigned, they are shortened.
After budburst, unwanted shoots are removed during 3 green pruning sessions (in mid-May, late May and early June) so that eventually the number of shoots developed strictly corresponds to the number of buds left.
All plants were then divided into four groups according to their vigor (pruning weight). The principles of division into groups were developed during the first year of study. The groups are: 
Figure1. The visualization of within vineyard variability of vigor (all plants divided into4 groups of vigor (in g.)) on the experimental plot Bancal Gran.
As we can see, the plot is highly heterogeneous; it's difficult to distinguish zones of vigor and to differentiate the harvest as suggested by Precision Viticulture. In this study we tried to challenge this inconvenient and to manage the variability of the quality of grapes by the technique Mas Martinet Assessoraments.
Sampling of Vines for Monitoring the Growth
Before the start of the study the plot was believed to be planted only with Grenache Noir, but the presence of other varieties was revealed later (Stein, 2011) . Furthermore, the Grenache Noir finally represented only 41% of all vines planted on the experimental plot, the rest was Grenache Peluda. During the first year of the study the monitoring of the growth of these two varieties has been made and significant differences in the dynamics of growth of shoots were found (Stein, 2011) . During the 2012 growing season the growth was not followed and during the 2013 season the measures were focused on a single variety (Grenache Noir). It was decided that each group of vigor will be represented by 18 plants and four shoots on each plant were selected and marked with a ribbon. The shoots on one arm were preferred in order to take into account the possibility of acrotony. A total of 78 plants (approximately 14% of the total amount of Grenache Noir on the plot) participated in growth monitoring. The length of the selected shoots was measured every week from 5th week after bud break and till the stop of the growth.
Winemaking
The fermentation was performed in 500 L stainless steel tanks with a cooling system. Inside the tank was installed a cylindrical grid welded from one side, the other opens. The destemmed and crushed grapes are loaded into the tank through the grid so that the skin stays in its interior. The grid is then closed and submerged into the liquid in order to avoid the formation of a skin cap. A separator reducing the formation of foam is placed between the gate and the floating cap. The fermentation is carried out by indigenous yeasts, with no added sulfites and without the presence of oxygen. Once fermentation is completed, the wine is transferred directly into the barrel for malolactic fermentation and subsequent aging.
The wines obtained from the vines of 4 groups of vigor were analyzed in the analytical laboratory on alcohol content, titratable acidity, pH, phenolic compounds content, anthocyanin content, color intensity and tannin content. Organoleptic analysis and comparing test were performed in Vitec Research Center (Priorat, Spain) by the panel of certified judges.
Statistical Analysis
The analysis of variance ANOVA was performed to estimate the differences between the groups studied in terms of growth of shoots during the growing season. The ANOVA and Tukey tests were made for the analysis of sensory differences between the wines of four groups of vigor.
RESULTS AND DISCUSSION
Figure2. Influence of the change of shoot number on the vigor (2010/2011) The first treatment of the plot was done in 2011, the vines were pruned and the weight of their pruned wood was measured. The values obtained represented the vigor that the plant expressed during the 2010 growing season. After having repeated the operation in 2012 (to estimate vigor expressed in 2011), the change in vigor for each plant according to the change in number of shoots left was calculated in order to understand the response of the plant on the treatment (Figure 2 ).
Analyzing the effect of the treatment for the first year can observe a slight correlation (r = -0.43) and see more or less clear that more drastic was the decrease in the load compared to last year, more the vigor increased. About 6% of plants had an increase in vigor of more than 100%.
Repeating the same operation in 2013 obtained the data to see the effect of the treatment on the 2012 growing patterns (Figure3).
Figure3. Influence of the change of shoot number on the vigor (2011/2012)
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Analyzing the effect of the treatment for the second year (Figure 3) , the correlation is too low (r=0,23) to make any conclusion. Surprisingly, the two years of research show us two opposite trends. However, in practice this situation indicates that the plants in 2010 were unbalanced in terms of vigor/load and the treatment with technique Mas Martinet Assessoraments in winter 2011 distributed the vigor in a more appropriate way for each vine which resulted in a less pronounced effect from the treatment in 2012. Almost 70% of vines have reduced their vigor in 2012 in response to increased load within the limit of 145% load increase compared to last year.
To have a more clear idea on the effect of the treatment, it is interesting to have a look on the evolution of characteristics of groups formed in 2011. Figures 4, 5 and 6 show inter-annual differences.
Figure4. Evolution of the average load per vine for groups formed in 2011 over 2010-2012
Figure5. Evolution of average vigor (in g) per vine for groups formed in 2011 over 2010 -2011
Figure 6. Average weight of one shoot (in g) according to vigor groups over 2010-2012
The results demonstrated on the three figures above show that the application of the technique Mas Martinet Assessoraments based on the distribution of vigor on an appropriate number of shoots has a significant effect on the vigor of the vine and the weight of each shoot. By the 2nd year after treatment it was observed that the average weight of a branch was close to 40 g regardless the vigor group. That is to say that in 2012 towards the end of growth all shoots achieved the average length of 132 cm (data not shown).
Thus, we can conclude that by the 2nd year after the application of the technique studied it is possible to level the variability of the growth of shoots within a plot and that the hypothesis H1 is true. In addition, Figures 6 and 7 show the veracity of the hypothesis H4 for all three vigor groups except Group IV in 2012.
Shoot Length Evolution According to the Vigor Group In 2013
To verify more in depth the veracity of the hypothesis H1, the measures of the length of shoots was carried out during growing season 2013. The result is compared with the data collected by Stein (2011) .
On the Figure In practice, the differences in 2013 nevertheless seem to be not very significant. For example, a vine whose vigor was 300 g in 2013 grew six shoots of 166 cm on average and the other vine of 2000 g.grew 40 shoots of 190 cm on average. Following the logic of the principle of compensation of the plant (Rousseau, 2007) , in the latest example the vinebeing loaded with 20 buds at the beginning of the growth would have produced 20 shoots of a considerably greater length than 190 cm.
In 2013, the length of the shoots has far exceeded the expected range (120 cm). It was assumed that the increase in force was the result of a high rainfall as compared to previous years of the study (Table 1) .A deeper study of the effect of climate on inter-annual variations of vigor must be conducted in order to better understand the response of the plant. The results of the chemical analysis of grapes and wine
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In the previous paragraph we have seen the effect of treatment on the growth of shoots originated from plants of different vigor and it was found that the within vineyard variability of shoot length has been considerably reduces after the treatment. However, the within variability of the quality of grapes and not of the length of shoots is a real challenge for viticulturist.
With the aim to verify whether the technique Mas Martinet Assessoraments is capable to homogenize the quality of grapes and of the wine originating from the vines of different vigor, a separated fermentations were set in 2011 (Table 2) , 2012 (Table 3) and 2013. Table 2 shows the results of analysis of qualitative parameters of wines from four vigor groups. The differences observed between the groups of vigor are consistent with the findings of Bramley and Hamilton (2007) and Cortell (2008) that suggest that the more structured wines come from low vigorous zones of the vineyard In 2012 (Table 3 ) the composition of the wine has changed considerably and this time significant differences between groups were not identified except for d280 and TAV for Group I. In order to verify if the differences between the wines studied were perceptible at sensory level, a formal tasting with a panel of certified tasters was organized and duo-trio tests together with the descriptive test were implemented. As can be seen from the table, significant differences were found only between G2 and G4 wines. To understand the nature of these differences, a descriptive test was implemented. The test includes evaluation of 32 attributes describing the color, taste and aroma characteristics.
The results of the test are shown in Figure 8 .
According to the official conclusion of the Research Center Vitec on descriptive test of samples G2 and G4, the differences between G2 and G4 were not found in any attribute except astringency at a low level of significance (> 95%). This corresponds to the results of unofficial blind tastings organized by us with winemakers, students and professionals of the wine market. The majority of the tasters could not distinguish samples and correlate their quality with the vigor. Taking into account the results of chemical analysis of wines from all four groups, official and unofficial tastings, we concluded that the H2 hypothesis stating that the vigor of vines treated with the technique Mas Martinet Assessoraments do not affect the quality of the production (for the second year in the study).
Figure8. Comparison of the results between G2 and G4 groups
CONCLUSIONS
Using the technique of vigor control developed by Mas Martinet Assessoraments, the within vineyard variability in terms of the growth of shoots, grape and wine quality was mastered by the second year of the study. This fact challenges the veracity of so far undoubted concept in viticulture that the raw material of best quality for premium wines comes from low vigor vines. If under normal conditions the quality of the grapes originating from vigorous areas in considered to be lower, we can deduce that in our study having achieved the quality performance of high vigorous vines comparable with that of plants of low vigor actually means an increase in quality of the entire production. Practically, the treatment studied in this work, is able to replace such management of within vineyard variability as dividing of the parcel on vigor zones and offers a possibility of improving the quality of raw material from vigorous vines. The use of the technique of vigor control can provide an economic advantage to the producers through both higher yields and better quality.
Because the method used in this study to achieve the balance of the plant in terms of production/ vigor is based on the weighing the pruned wood and allocation of the corresponding number of shoots for each plant individually, this technology may seem expensive and impractical in real production conditions. However, the adaptation of new trellising systems as "double tying " and "circle" (Perez, 2007) can provide an opportunity for effective management of the within vineyard variability without exceeding the amount of hours reserved for pruning operation . The development of the Precision Viticulture in the direction of designing new digital and geo-referenced equipment that would be able to inform the worker about the vigor of each plant could replace the time consuming operation of weighing the wood and help him to make the correct decision on the load to be left for each vine.
